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Summary mPower design chosen for SMR for the following reasons: e e 3 9%
The feasibility of replacing conventional diesel powered propulsion © PWR design SMR, most widely used and most [ikely to be :ss’z -:Z
systems of large container vessels by small modular reactors (SMRs) e 29;,?:2/;%2 E;C?; :thl;]rﬁéwer - -
has been studied. ® Designer company Babcock and Wilcox have a lot experience F327 2
® The Emma Maersk, one of the largest container ships in the world, in the nuclear ship propulsion business starting from 1946 ::22,3.85,3 ZZ
was chosen for the study because of the availability of information : 7 T
such as engine power requirements, engine room dimensions etc. 10»”5»6-5 Tﬂg;
® A well-validated commercial code MONK 10A that utilises Monte Latiice Iz,m,n 1:26
Carlo method was selected for designing the model and for the e e romentation wbes
criticality and burn-up calculations. oy _Fuelrods [

® Review of the available SMR technologies was done and the mPower
SMR from Babcock and Wilcox was chosen due to its appropriate fuel
cycle, power output, safety features and the long experience of the
developer in marine applications S
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® The mPower core was then modelled and made critical. Utilizing the Parameter Value/Material
model, criticality and burnup calculations were done for different P e e T e °
Coolant Light Water . . . .
enrichments of uranium-235 ranging from 3% to 19.5%. Fuel Iffgéim Among different combinations , enrichment of 4.95%-20 rods, 3.85%-24
: . . ctive fuel len .3cm o/ _ I l I l
® After analysing the results, a combination of 4.95%, 3.85% and 3% was  |acihe fellensth 2313 rods and 3%-25 rods enrichments is very much suitable for marine
recommended for the application e ey s application The core’s criticality is 1.3931 and 0.8943 with and without
e R el control rods respectively and has a lifetime of 3.259 years that can be
e o017 further improved by applying burnable poisons inside the core.
Absorber B,C
- - Absorber rod dimensions Same as fuel rod -
Choice of ship to apply the SMR Absorber cladding _ Steel_ Economic Assessment
ucl asscecim Y 1CKNEesSss - C1Imn
> Emma Maersk ChO sen ﬁ:;sa(i:‘efrlrlleblly height 2431134::(2)19116121811 Emma Maersk Nuclear Propelled 10000 ——— Proportion of Expenditure over 20 Years
. . . cflector ce cauisition (US Smillion ~—— Nuclear Proposal Fuel Cost $2 billion
> Largest container ship until 2013 Rerlector ficknsss - B i e o
: : aintenance (US $Smillion/year) | (. . 1000 1
. Avallablllty Of infOrmaﬁon SUCh 3s engine power reqUirementS, engine Source: https://www.nrc.gov/docs/ML1015/ML101550512.pdf and Houston et al®. Mantenance (US Smillonfyear) |03 16 E — gzsoo
. . 1 1 I | Maintenance every five year (US | 0 2 £ £ 2000
room dimensions etc. * Geometry of core built using specials functions called NEST and  [imeenie iglef’/f e
- ‘ — - | | ‘i C LU ST E R Crew (US Sthousand/day) 10 25 § 0 10m
e k _'f oA e e— e— u > N EST iS u SEd W h e n O n e m ate I’i al iS in S i d e a n Ot h e r m ate ri al Security (US § million/year) ] 3 ol .
0
| _ followed by another. Decommissioning (US Smillon) | 0 0 | R ””“';ZL:;’“" "““';;Lﬁgwe"
o * |Inour model NEST was used to model fuel rods, control rods ReheTng U8 Sfonkyr |9 ; e ol SiphoptinLons B Newscihel MOHerCon
etc. where the actual fuel or boron carbide was inside the Source: Houston et al.¢
B —— helium gap that was again inside the cladding. An economic assessment was made previously based on the
— * The rods were brought together using CLUSTER geometry and model considering 5% uniform enrichment throughout the core.
——————— repeated using ARRAY command to from an array of rods, It was found that:

Source: http://www.emma-maersk.com/specification/

) - which is the fuel assembly. Then the Process was repeatEd but ° The Overa” cost Of running 3 nuclear powered Sh|p as b|g as
Choice of analytical method this time repeated with the fuel assemblies formed from Emma Maersk for a lifetime of 20 years will be several

¢ In deterministic method there are measurement uncertainties in the : :
previous step to build the core. - .
nuclear data, discretisation of space, angle, energy and geometry h}mdred million US dollar less than that of the conventional
diesel powered Emma Maersk.

modelling approximations.
 With an increase in the number of nuclear powered ships built

¢ In contrast to that, statistical methods do not require various
approximations as required by the deterministic calculations and are and higher lifetimes than 20 years, its cost will go down
further.

more accurate.
Conclusion

o Statistical methods like the Monte Carlo method can work with any
® Considering the long fuel cycle, availability of vendors and
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geometry consisting of discrete material no matter how complex it is. Fucl

Among statistical methods, MONK version 10A was chosen because: g > B o transport systems for supplying the fuel, a combination of
MONK is a commercial code that is widely used in the nuclear industry i - 4.95%, 3.85%, and 3% was recommended for the Emma
around the world \ e ,#335 i || — Maersk.

o The entire package of MONK consists of the code, a range of nuclear i A——  \SCe—— D A fuel cycle of 3.259 years (and criticalities of 0.8943 and
libraries, validation data, visualization tools, productivity tools and user  If uniform enrichment was used then heat generation at the centre 1 391 with and without control rods in) can be further
suppor’F hotline service®. | - would be very high compjred to the boundary and would generate improved by using burnable poisons. Burnable poison like

+ MONKIs a Mohte Carlo code used for a>56551NE Crmc‘j’]l'ty ‘f’afew hot spots near the centre-. . . gadolinium mixed with the fuel is recommended instead of
problems and is very well acknowledged with over thirty-five years of To flatten the heat flux across the core, variable enrichment can be .
successful application across the entire fuel cycle?. used with highest enrichment at the boundary where the neutron the ones used in coolants.

flux is minimum and lowest enrichment at the centre where the ® Finally taking into account, the long-term environmental benefits and
Choice of reactor design neutron flux is the maximume®. the cost savings that large nuclear powered container vessels can

SMR chosen for application because of the following advantages?:

achieve, a SMR with fuel configuration of 4.95%, 3.85%, and 3% is

. °
~ Modularity. deemed very much feasible.
Scalability
® Lower capital investment References
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